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Abstract  
Objectives 
To obtain arm and finger measurements of women ≥32 weeks gestation to determine: the 
requirement for different arm cuff sizes; the suitability of available finger cuffs in this 
population; the best predictor of arm conicity; the frequency of cuff placement on the forearm or 
leg. 
Study Design 
Prospective observational pilot study. 
Main outcome measures 
Right and left mid-arm circumference (MAC) and to compare these to the recommended cuff 
sizes; right and left finger circumference; right and left arm conicity; the responses of women to 
a three-point Likert scale regarding cuff placement. 
Results 
Measurements were obtained for 450 women at an Australian tertiary hospital with a median 
(IQR) gestation of 35.7 (34.0-37.0); 299 (66.4%) were Caucasian and 35 (7.8%) had gestational 
hypertension. The median (IQR) body mass index (BMI) was 29.6 kg/m
2
 (26.2-33.4), range 
18.0-62.2. Median (IQR) right MAC was 29.9 cm (27.4-33), range 19.6-53.2. Based on right 
MAC, 58 (12.9%) required a large cuff and 6 (1.3%) a thigh cuff.  Maximum right finger 
circumference was 7.0 cm.  BMI, weight and right MAC were positively correlated with right 
arm conicity: r=0.51, 0.42 and 0.45, p<0.001 for all.  R
2 
for each were 0.26, 0.17 and 0.20. 
Fourteen (3.1%) reported cuff placement on the forearm or leg. 
Conclusions 
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A small percentage of women are likely to be unsuited to traditional arm cuffs. Available finger-
cuffs would suit this population.  BMI could potentially be used to select women with cone-
shaped arms for future studies of alternative devices.   
 
 
Key words: blood pressure measurement, obesity, pregnancy, hypertension 
 
 
 
  
  
Page 5 of 23 
 
Introduction  
Detecting abnormal blood pressure in pregnancy is an essential part of antenatal, intrapartum and 
postnatal care.  Traditional rectangular arm cuffs and mercury or hybrid sphygmomanometers 
are considered the gold standard in pregnancy.[1] However poorly fitting arm cuffs are known to 
be inaccurate in pregnant[2, 3] and non-pregnant patients.[4, 5] Both Kho[3] and Schoenfeld[2] 
found that women were misdiagnosed with hypertension when a small cuff was inappropriately 
used.  Conversely, if real hypotension exists, the recognition of that hypotension may be delayed 
if an incorrectly sized cuff provides inaccurate but normal blood pressure readings. 
 
In obese women it is not just the size, but the shape of the arm that may influence the accuracy of 
traditional arm cuffs.  Bonso et al described the arm mathematically as a “truncated cone”[6] and 
Palatini et al subsequently demonstrated that rectangular cuffs overestimated blood pressure in 
non-pregnant patients with cone-shaped arms.[5] The arm becomes cone-shaped when the 
circumference of the upper arm is greater than that of the lower arm.[5, 7, 8]  This results in a 
gap between the rectangular blood pressure cuff and the surface of the distal part of the arm, with 
the cuff expanding irregularly during inflation.[5, 9]  Trono-conical cuffs, which avoid the “gap” 
problem, have not been validated in pregnant women.   
 
Devices that use finger cuffs include ClearSight™ (Edwards Lifesciences, Irvine, California 
92614, USA) and CNAP™ (continuous non-invasive arterial pressure, CNSystems 
Medizintechnik AG, Graz, Austria).  Both these devices apply the volume-clamp method of 
Penaz[10] to provide a continuous non-invasive blood pressure reading and avoid the problems 
of poorly-fitting arm cuffs.  These may offer an alternative in women with large or conical arms, 
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however it is not known if the available finger cuff sizes are suitable for obese women who may 
experience peripheral edema and vasodilatation in pregnancy.[11] ClearSight™ and CNAP™ 
apply a different technology to available oscillotonometric finger cuffs,[10] which are not 
recommended due to inaccuracy.[12, 13]  
 
The American Heart Association (AHA) makes recommendations for cuff bladder sizes in adults 
based on mid-arm circumference (MAC).[12]  The available sizes are small, adult, large and 
thigh, covering a range of MAC from 22 cm to 52 cm. This pilot study aimed to obtain arm and 
finger measurements of pregnant women in their third trimester to determine the: proportion of 
women requiring each AHA cuff size according to their right MAC, suitability of ClearSight™ 
and CNAP™ finger cuffs sizes in this population and best clinical predictor of arm conicity. The 
women also responded to a three-point rating scale questionnaire concerning their experience of 
cuff placement.  These results will be used to determine inclusion criteria for future studies.  
 
Methods 
Ethical approval was provided by the Human Research Ethics Committee of the Royal Brisbane 
and Women’s Hospital (HREC/17/QRBW/108).  Women were recruited from the waiting room 
of the general and specialty antenatal clinics if they were ≥32 weeks gestation, aged >16 years 
and able to complete the questionnaire in English.  Written informed consent was obtained and 
participant incentives utilised in the form of supermarket or parking vouchers.  Women provided 
demographic information and pregnancy information, including any history of chronic 
hypertension and previous or current diagnosis of gestational diabetes or gestational 
hypertension/preeclampsia.  Body mass index (BMI) was calculated from the woman’s height 
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and weight measured on the day of recruitment.  Participants responded on a three-point rating 
scale to a statement regarding their experience during the current pregnancy: “When midwives or 
doctors take my blood pressure they need to put it on my lower arm or leg”. They were asked to 
indicate “never”, “sometimes” or “always”.  The “lower arm” referred to the forearm and the 
“leg” to any site on the lower limb.  Participants were assisted with this question if required.  
 
Measurements were taken from both upper limbs, using standard clinical measuring tapes and 
according to standard anthropometry protocols when available.[14] The arm length (a standard 
measurement[14]) was measured on the posterior aspect of the arm, from the tip of the acromion 
process to the tip of the olecranon process, with the elbow in the flexed position.  The MAC 
(standard measurement[14]) was measured at the mid-point of the arm length, with the arm 
hanging by the side. The proximal arm circumference was measured at the axilla and the distal 
arm circumference at the elbow above the elbow crease, with the arm hanging by the side (both 
non-standard measurements required to calculate conicity[6]).  The diameter of the middle 
phalanx of the middle finger was measured with the hands relaxed (non-standard measurement).  
This measurement site was chosen as it is the recommended site for the ClearSight™ finger cuff 
and is also used with the CNAP™ double finger cuff.  
 
The conicity index of the arms was calculated according to Bonso et al.[6] The conicity index 
was calculated as 100 (proximal arm diameter- distal arm diameter)/arm length. The difference 
between our calculated conicity index and that of Bonso et al [6] was in the measurement of arm 
length; we used bony landmarks for accuracy and reproducibility. The proximal and distal arm 
diameters were calculated from the circumference measurements (diameter = circumference/π). 
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As a pilot study, there was no a priori sample size determination.  We aimed to collect 
measurements on as many women as possible to provide a representative sample of the 
underlying pregnant population. Categorical data was presented using number (percent). Mean 
(standard deviation (SD)) was presented for symmetrically distributed continuous variables and 
median (interquartile range (IQR) for skewed continuous variables. Range (minimum – 
maximum) was reported for selected continuous variables. Differences between left and right 
MAC and arm conicity within individuals were examined using paired t-tests. The linear 
association between right arm conicity and BMI, weight and right MAC was explored using 
Pearson correlation coefficients. Right arm conicity was modelled using linear regression. BMI, 
weight and right MAC were input into separate models due to their exhibiting collinearity. A 
statistical significance threshold was set at α<0.05. Data were analysed in STATA 15 (StataCorp, 
2017, College Station, TX: StataCorp LLC). 
 
Results 
Data were collected for 450 women between June 2017 and March 2018.  Demographic and 
pregnancy information are shown in Table 1.  The median (IQR, range) right MAC was 29.9 cm 
(27.4 – 33.0, 19.6 – 53.2) and left MAC was 29.8 cm (27.0 – 33.0, 20.9 – 56.3).  The mean 
difference between the right MAC and left MAC (within individuals) was 0.18 cm (95% CI 0.07 
– 0.30), p = 0.002.  Figure 1 shows the frequency distribution of recommended cuff sizes 
according to right MAC and AHA recommendations.[12]  One woman (0.2%) had a MAC below 
the small cuff range and one woman (0.2%) had a MAC above the thigh cuff range. Table 2 
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shows the median (IQR) right MAC according to the BMI categories defined by the World 
Health Organization.[15]  
 
The mean (SD, range) right middle finger circumference was 5.5 cm (0.4, 4.4 – 7.0) and left 
middle finger circumference was 5.4 cm (0.4, 4.1 – 6.7). Based on the right middle finger 
circumference, 3 women (0.7%) had a finger circumference greater than 6.8 cm and would be 
unsuitable for a ClearSight™ large-sized finger cuff. The largest finger circumference was 7cm, 
within the CNAP™ finger-cuff range (up to 8.8 cm).   
 
The mean (SD) right conicity index was 6.6 (2.1), range -1.7 – 17.4 and left conicity index was 
6.4 (2.1), range -1.4 – 15.3. One subject had a negative conicity index bilaterally, as the proximal 
arm diameter was less than the distal arm diameter.  The mean difference between right arm 
conicity index and left arm conicity index (within individuals) was 0.16 (95% CI 0.04 – 0.27), 
p=0.007. There was a moderate correlation between BMI, weight and right MAC with right arm 
conicity; the Pearson correlation coefficients were 0.51, 0.42 and 0.45 respectively, p<0.001 for 
each.  BMI, weight and right MAC were collinear and were therefore presented in three separate 
univariable linear regression models (Table 3).  For each unit increase in BMI, right arm conicity 
increased by 0.17.  BMI explained 26% of the variation in right arm conicity, more than weight 
or right MAC.  
 
Fourteen women (3.1%) responded “sometimes” or “always” to the statement: “When midwives 
or doctors take my blood pressure they need to put the cuff on my lower arm or leg”.  Of those 
14 women, 12 had a BMI ≥30 kg/m2. 
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Discussion 
Our results show that a small fraction of women required a thigh cuff for non-invasive blood 
pressure measurement and only one woman out of 450 had an arm circumference outside of the 
recommended thigh cuff range.  Of two available measurement devices utilising a finger cuff, the 
CNAP™ finger cuff would fit all these women, whereas the largest Clearsite™ finger cuff would 
be too small for three women in this sample.  When predicting the conicity of the arm, BMI was 
shown to be a better predictor than either weight or MAC.  Fourteen women reported cuff 
placement on the forearm or leg during their pregnancy and the majority of these women were 
obese.  While a statistically significant difference between right and left arm MAC within 
individuals was identified, the mean difference of 0.18 cm was not clinically significant. 
  
This is the largest study internationally to describe the arm dimensions of pregnant women in 
their third trimester and the only study to report on finger circumference.  Hogan et al described 
the arm measurements of 179 pregnant women across all trimesters in Ireland, of whom 15% 
were obese, compared with 46.9% in our sample of 450.[16]  The mean MAC in that study was 
28.8 cm which is comparable to our median (IQR) of 29.9cm (27.4 – 33). However our 
maximum MAC was greater at 53.2 cm compared with 42 cm in the Irish study.[16] Our 
population being drawn from a high-risk tertiary obstetric population may have influenced these 
differences. Although Hogan et al did not report ethnicity,[16] comparisons between the two 
populations are likely to be limited by the different ethnicities of participants in each study. Kho 
et al studied 219 pregnant women in Australia, with the women selected according to MAC, with 
40 having a MAC > 33 cm to compare measurements from different cuffs.  
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The inclusion of finger measurements in this study has permitted comparison with available 
blood pressure measurement devices that utilise finger cuffs rather than arm cuffs and avoid the 
problems of arm size and shape.[5, 17] In pregnancy, finger circumference may be increased by 
edema and vasodilatation particularly in the third trimester, when skin blood flow can increase to 
3-4 times that of non-pregnant levels.[11]  Clearsite™ and CNAP™ both apply the volume-
clamp method of Penaz[10] to provide a continuous non-invasive arterial waveform.  Clearsite™ 
has been studied in one non-obese outpatient pregnant population[18] but our results reveal that 
the largest finger cuff size suiting a maximum finger circumference of 6.8 cm would not be 
adequate for all women in our sample.  Conversely, the CNAP™ finger-cuff that has been 
evaluated in women undergoing caesarean section[19, 20] provides for finger circumferences up 
to 8.8 cm in diameter.  It is important to note that the CNAP™ comes with an arm cuff for 
calibration (one of three techniques for calibration), which only suits arms of MAC up to 40cm 
and would thus not be suitable for a significant fraction of these women.   
 
The investigation into cone-shaped blood pressure cuffs began in 1978.[21, 22] Early results 
demonstrated improved accuracy when compared with rectangular cuffs in obese patients.[22] 
The concept of measuring conicity of the arm was introduced by Bonso et al in 2010.[6]Bonso[6] 
and Palatini[5] measured arm conicity to investigate the accuracy of conical cuffs compared with 
rectangular cuffs. They used non-standard anthropometry techniques (participants were lying 
down during measurements with the arm by the side)[6] and a non-standard measurement of arm 
length (from the axilla to the antecubital fossa) to calculate conicity.  In the current study, arm 
length was measured according to the Anthropometry Procedures Manual of the Centre for 
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Disease Control,[14] utilising the bony landmarks for reproducibility.  Bonso et al identified that 
MAC and arm length were independent predictors of conicity, but did not consider weight or 
BMI in their multiple linear regression analysis.[6] Here, we have identified BMI, weight and 
right MAC to be statistically significant predictors of arm conicity, with BMI explaining 26% of 
the variability.  Arm length was not considered as an explanatory variable, as it is the 
denominator of the conicity equation. We identified just one participant in our cohort of 450 with 
a negative conicity index i.e. the proximal arm circumference was smaller than the distal arm 
circumference, whereas Bonso et al identified none, out of 142.[6]  As with MAC, we identified 
a statistically significant difference between the right and left arm conicity index within 
individuals. The clinical significance of the mean difference of 0.16 in arm conicity between 
limbs is unclear, as we did not evaluate the relationship between conicity and accuracy of blood 
pressure measurements. 
 
While the fraction of women requiring a thigh-sized cuff is small, the fraction reporting forearm 
cuff placement is larger.  This is likely to represent women in whom clinicians have experienced 
difficulty when applying the rectangular cuffs to the arm.  Forearm cuff placement has been 
evaluated in non-pregnant populations and has consistently been shown to overestimate blood 
pressure compared with cuffs placed on the arm.[23-25]  Despite this, clinicians have little 
choice when rectangular arm cuffs do not provide a reading.[26]  Women reporting forearm or 
leg placement were mainly obese, reflecting a group who already have one risk factor for the 
hypertensive disorders of pregnancy.[1]  This small percentage of women reporting aberrant cuff 
placement may not include women in whom the actual cuff size is appropriate, but because of 
the conicity of their arm, the measurements are likely to be inaccurate.   
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Our study has limitations. While attempting to provide a large representative sample, we cannot 
be sure that this population, drawn from a tertiary institution caring for high-risk women, 
accurately represents the underlying pregnant population.  With all women providing informed 
consent, our sample may be affected by selection bias.  Although we recruited participants on 
three days a week, our sample had a high proportion of women with current or previous 
gestational diabetes, which may reflect the specific clinics occurring during our recruitment days 
and times.  Our sample had a similar mean age to that of the Australian maternity population 
(30.3 years)[27] but our sample had more obese women (46.9% vs 20% in Australia).[27]  It is 
likely this reflects referral patterns to our tertiary hospital. It would also be expected that higher-
risk women attended more antenatal appointments and were therefore more likely to be offered 
participation in this study. Having used a different definition of arm length to calculate conicity, 
it is not possible to directly compare our conicity results with those of Bonso and Palatini.[5, 6] 
This study has not measured the accuracy of blood pressure measurements, therefore we are 
unable to provide an arm conicity cut-off, above which finger cuffs may be more suitable.  
However we have reported the frequency of aberrant cuff placement as a surrogate measure of 
blood pressure measurement difficulty.  The value of late pregnancy body mass index as a 
measure of obesity is debatable and was included to coincide with the timing of arm 
measurements.  Here, third trimester BMI was identified as a better predictor than third trimester 
weight or right MAC. 
 
This pilot study highlights the presence of a small percentage of pregnant women in our 
institution who are likely to be unsuited to standard blood pressure measuring equipment.  We 
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have demonstrated that conicity of the arm is better predicted by BMI than weight or MAC and 
we may expect that obese women, already at risk of pregnancy complications, would be most 
affected by poorly fitting standard cuffs and non-standard cuff placement.  We have also 
identified that alternative devices that utilise finger cuffs rather than arm cuffs to measure blood 
pressure, are available and would suit pregnant women in the third trimester.  Future work will 
examine the effect of arm conicity on the accuracy of blood pressure measurements in obese 
pregnant women and explore the accuracy of alternative devices.  
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Figure Captions  
Figure 1.  Frequency distribution of recommended cuff sizes [12] according to right mid-arm 
circumference; 450 women in the third trimester. 
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Table 1. Demographic and pregnancy information for 450 women who provided upper limb 
measurements at ≥32 weeks gestation. 
Variable Result 
Age [years] mean (SD) 31.0 (4.8) 
Nulliparous n (%) 194 (43.1) 
Gestation [weeks] median (IQR) 35.7 (34.0 – 37.0) 
BMI kg/m
2 
median (IQR) 
                  range 
29.6 (26.2 – 33.4) 
18.0 - 62.2 
Ethnicity n (%) 
              Caucasian  
              Asian 
              Indian 
              Aboriginal/Torres Strait Islander 
              Other 
 
299 (66.4) 
55 (12.2) 
33 (7.3) 
11 (2.4) 
52 (11.6) 
Chronic hypertension n (%) 6 (1.3) 
Preeclampsia/gestational hypertension
a
 n (%) 35 (7.8) 
Gestational diabetes mellitus
a
 n (%) 124 (27.6) 
a. Includes Northeast Asian, Southeast Asian, those self-identifying as Asian 
b. In the current or a previous pregnancy 
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Table 2. Distribution of the arm circumference of 450 pregnant women according to World 
Health Organization [15] body mass index categories. 
  
BMI
a
 Category, 
kg/m
2
 
n (%)  Right MAC
b
 cm, 
median (IQR)
c
 
Left MAC cm, 
median (IQR) 
<25 
25 – 29 
30 – 34.9                         
35 – 39.9                        
 > 40 
73 (16.2) 
166 (36.9) 
129 (28.7) 
52 (11.6) 
30 (6.7) 
25.6 (24 – 27) 
28.8 (27 – 29.9) 
31.8 (30 – 33.3) 
34.8 (33.1 – 37.1) 
 40.7 (38 – 44.5)  
25.6 (24 – 27) 
28.5 (27 – 30) 
31.5 (30 – 33) 
34.8 (32.9 – 37.3) 
 40.5 (37.5 – 43)  
a. Body mass index 
b. Mid-arm circumference 
c. The MAC was normally distributed for BMI categories <35 kg/m
2
 and right-skewed for those 
≥ 35 kg/m2.  Data are presented as median (IQR) for consistency. 
  
 
  
  
Page 22 of 23 
 
Table 3. Linear regression models describing the relationship between body mass index, weight 
and right mid-arm circumference with right arm conicity, n=450. 
Explanatory variable Constant β (95% CI) R2 
BMI
a 
[kg/m
2
] 1.30 0.17 (0.15 – 0.20) 0.26 
Weight [kg] 2.65 0.05 (0.04 – 0.06) 0.17 
R MAC
b 
[cm] 0.49 0.20 (0.16 – 0.23) 0.20 
a. Body mass index 
b. Right mid-arm circumference 
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Highlights 
 Rectangular blood pressure cuffs may be inaccurate in obese pregnant women 
 We measured the arms and fingers of women in the third trimester 
 1.3% of 450 women required a thigh cuff, based on their right arm measurements 
 Available finger cuffs would suit the finger size of most pregnant women 
 Body mass index was the best predictor of arm conicity 
 
 
